Abstract: Due to the importance of water management, and good governance for humanity's wellbeing and future, the 2030 Sustainable Development Agenda has established the global Water Goal (SDG 6). Mobilization of the different sectors is required. The private sector has an important role, and it is increasingly aware of the substantial water risks for business. Thus, it is timely to quantify and monitor potential environmental impacts with an international standard (ISO 14046:2014), in order to prioritize investments to reduce the direct and indirect impacts from water uses within the production of goods and services. The objectives of this project were: (1) To scale knowledge, networking and generate leadership through exchanges among 43 professionals from 14 Latin American countries; (2) to develop recommendations to improve coherence in the quantification, verification and communication of the water footprint in the region; and (3) to structure and publish the recommendations, available tools/methods and key challenges in open access guidelines. This effort resulted in an active and continuous-growth community for water footprint practice in Latin America. This article describes the process to achieve the Regional Guidelines and other results.
Introduction
The 11th Global Risk Report, developed through the consensus of almost 750 experts and published by the World Economic Forum indicates that, globally, the water crisis is perceived as one of the ten most relevant risks for humanity [1] .
In particular, the Latin American and Caribbean region concentrates almost a third of the world's water resources; however, the resource is distributed unevenly throughout the territory [2] . In addition, there are problems associated with water management and governance, such as high levels of losses by leakages, due to the poor conditions of infrastructure, or the increasing deterioration of water quality, due to pollution [2] . Therefore, initiatives to promote sustainable water use are appropriate and necessary. There are two main approaches for water footprint assessment widespread: The first one developed by Hoekstra et al. [3] , promoted by the Water Footprint Network (WFN), which maps three water footprints: Blue (consumptive use of surface or groundwater), green (rain water stored in the soil and absorbed by the plants) and grey water (freshwater required for assimilating the load of the main pollutant) and assesses the sustainability, efficiency and equitability of water use. The second framework, from the International Organization for Standardization (ISO) standard ISO 14046:2014 [4] , is used to determine the potential environmental impacts related to water use along the life cycle
Contact with Stakeholders
Since this initiative is focused on the practical assessment of the water footprint, stakeholders from different sectors were included: Companies, government institutions, academy and scientific institutions, consultancy, accreditation and verification bodies. Research for stakeholders with experience in the subject, allowed them to identify and send personalized invitations to 59 professionals from 15 countries in the region. The professionals invited to participate in the project were selected from: Project partners in LCA, water footprint projects and contacts from corporate water management events across Latin America. They were selected and invited based on: Experience in LCA and/or water footprinting in the curriculum vitae, origin (to promote the participation of representatives from different Latin American countries), and gender equality. Participants from government, academy, accreditation and verification bodies were privileged over those from the consulting sector, but the most expertise came principally from the latter.
Research of Water Footprint Studies in Latin America
To understand the state of the art of water footprint quantification in Latin America, reports and articles in scientific journals, websites of universities, institutes, internal project reports, among other sources, were researched. The research was conducted mainly through web browser both in English and Spanish using the following key words: "Product water footprint", "water footprint assessment", "ISO 14046", "water consumption" in combination with terms such as "Latin America" or the name of several countries in the region. Initially, the research was designed to find studies assessing the water footprint of products manufactured in any Latin American country following ISO 14040/44/46; however, the search showed few results with these characteristics, since most studies in Latin America used the framework of the WFN, assessing not only products, but also geographical regions or entire economic sectors. Consequently, the focus of the search was broadened to include the maximum amount of studies to understand the state of the art in Latin America. Also, the stakeholders were requested to share references and reports of studies to include them in the analysis. No restrictions were applied regarding the date of publication of the studies.
Remote Work Sessions
Based on the analysis of the studies and the experience gained through El Agua Nos Une initiative, six remote sessions were designed and carried out through webinars over six months, to discuss the relevant issues identified to achieve the development of the Guidelines with the recommendations for the application and communication of ISO 14046:2014 studies in Latin America.
The topics discussed in the sessions were the following:
• Collection of data to prepare water footprint inventories • Impact categories and impact assessment methods • Good practices for the communication of water footprint studies • Future of the water footprint assessment in Latin America
Prior to each work session, material was created for the consultation of the participants, including presentations with concepts and topics of relevance, as well as points for reflection to analyze during the sessions.
During the remote sessions, group engagement dynamics were carried out to promote stakeholder participation, such as direct participation for the presentation of success stories or through the application of online surveys to know the group's point of view on each topic. Group discussions were also held to propose solutions involving stakeholders. The use of surveys is a methodology that has been used successfully in other cases for scientific consensus during the development of impact assessment methods in LCA [10, 16] .
Face-to-Face Work Session
The face-to-face session was held on 27 October 2016 in the City of Bogotá, Colombia. This work session served to review the progress made during the remote sessions and to deepen each topic to reach conclusions. The work dynamics for each topic are described below:
For the topics of data collection and communication of the water footprint, work tables were set up to discuss possible solutions to the problem of the lack of access to information in the region, as well as to the most appropriate schemes to communicate the results of studies of water footprint in Latin America. Subsequently, the results obtained from the work tables were contrasted with each other to reach a consensus.
For the topic of recommendation of impact assessment methods for the region, the analytical hierarchical method (AHP) was used. The AHP is a multi-criteria process of peer evaluation for complex group decision making that allows to measure the uniformity of alternatives and the relative agreement between opinions and has been used for decision making in LCA studies [17] . To evaluate the impact assessment methods, a brainstorm was conducted to determine the most relevant characteristics when recommending the use of a method. Subsequently, impact assessment methods were evaluated, considering these characteristics for the following impact categories: Freshwater scarcity, freshwater availability, freshwater ecotoxicity and freshwater eutrophication. Additionally, work tables were implemented to discuss the possibilities of regionalization of impact assessment methods.
The future plans and activities of the community of practice were discussed in an open plenary with all the participants.
Drafting the Document
The conclusions of the working sessions were condensed into a document. The writing was done through an iterative process of review by the participants, which consisted of three review rounds. In each case, the most current version of the document was provided along with a format for the record of comments. Each round the comments made by the participants were analyzed and answered and the suggested modifications were applied in the document.
Results

Stakeholders of Water Footprint in Latin America
Forty-three professionals out of the 59 initially invited, responded and accepted to participate in the project, representing 14 of the 15 countries initially considered. The largest number of participants came from the consulting sector (37%) and academia (21%), a possible reason is that in these sectors is where the greatest disclosure of the methodology is found. On the other hand, there was a high participation of accreditation and verification bodies (19%), due to their interest of developing an eco-labeling scheme for the region.
Participation in the development of recommendations for regional coherence by country and by sector is shown in Figure 1 .
The stakeholder's active involvement allowed a continuous-growth community for water footprint practice to be established, further referred to as the community of practice. Table 2 shows the findings of the desk-based research of water footprint studies in Latin America. The table is arranged by country and presents the product or sector for which a water footprint assessment was carried out and the type of framework followed. Argentina Product: Soybean [19] , milk through various production systems: Pastoral System (SP), Pastoral Base System (SBP) and Intensive Pastoral Base System (SBPI) [20] , peanut [21] , grape for wine [22] . Sector: Agricultural and livestock of the province of San Luis [23] .
State of the Art of the Water Footprint in Latin America
Product: Milk [24] , grape for wine [22] .
Bolivia
Production systems: Drinking water, soft drinks, isotonic, energizers [25] . Geographical: Cities of La Paz, Quito, Lima, Santa Cruz de la Sierra, Guayaquil, Fortaleza, Loja, Santa Cruz de Galápagos, Recife, Cali and Tarija.For the evaluation, the residential, commercial, industrial, public, municipal services and government activities (administrative, service and operational) were considered [25] .
Brazil
Geographical: Seven river basins considering the sectors: Livestock, agriculture, reforestation, supply and sanitation [26] . Product: Cosmetics including shampoo, soap and moisturizers [27] . Service: Hydroelectric power generation [28] , food consumption by one person [29] .
Product: Hydrated ethanol [30] .
Chile Geographical: Rapel River basin considering the sectors: Agricultural, mining, domestic and energy [31] . Product: Copper oxide mineral and copper sulfide mineral [32] .
Chemicals plant factory [33] , mall operation, dry milk production, PVC pipes factory, cement production and hydroelectricity generation (unpublished, presented at the Water Week Latin America 2015 [34] ).
Colombia
Country, by sector: Agricultural [35] , domestic, industrial, electrical and oil [36] . Geographical: Porce River Basin considering the sectors: Agricultural, industrial, domestic, hydroelectric power generation and mining [37] . Product: Japanese Lily [38] , limestone [39] , rice [40] , flowers [41] , cocoa [42] , corn [43] , potato [44] .
Product: Cement, concrete, tissue paper (hygienic, napkins, kitchen towels, facial tissues and moist products), feminine hygiene products, food products, heating and cooling products, precious metals (gold), cardboard boxes, banana snacks [6] . Production plants: Farms for the cultivation and benefit of bananas, operation of a chemical products plant, operation of a dairy products factory, and operation of an agrochemical production plant [6] . Products: Wheat, corn, water for urban public use, advisory service for water treatment [50] . Sector: Agricultural, brewer, cement [51] . Geographical: Water scarcity factor in 13 administrative hydrological regions [51] .
Peru Product: Banana [47] . Product: Polyvinyl chloride pie [52] , asparagus [53] , ice cream [54] , thermoelectric power [55] .
Regional (Latin America)
Geographical: Countries of Latin America considering consumption in agricultural, livestock and industrial sectors [56] .
Uruguay Production system: Intensive, extensive and mixed cattle [57] .
A total of 40 water footprint studies were identified for the Latin American context. Most of the studies (28 studies) developed in the region are based on the framework promoted by the Water Footprint Network (WFN) [3] . The first studies developed specifically for Latin America are from the year 2011 [19, 35] . The concepts of the LCA began to be applied as of 2013 for the evaluation of the environmental impact related to water scarcity [50, 51] . This indicates that the application of methodologies to assess the impacts associated with water use in Latin America, with a life cycle approach, is a relatively recent practice and there are interesting opportunities for developing studies in the region. These results are in accordance with the water footprint assessment practice in the world, as documented in Aivazidou et al. [14] critical literature synthesis. The authors found that most of the studies published until May 2016, followed the WFN framework. The authors also found an increase in publications in the last years, indicating the relevance of evaluating impacts related to water use; but a general lack of a holistic approach with a life cycle perspective in the water footprint studies analyzed [14] .
Despite the inherent differences between the WFN and ISO 14046:2014 frameworks, the stakeholder group concluded that the two are complementary and useful, as it can be observed in Lovarelli et al. [58] , who developed a Pollution Water Indicator (PWI) based on grey water indicator, calculated according to WFN, as well as on three environmental potential impact categories assessed with the LCA approach: Freshwater eutrophication, marine eutrophication and freshwater ecotoxicity. PWI complements grey water (focusing only on the main water pollutant) through including the effects of all substances emitted during agricultural practices. The stakeholder group agreed that both approaches are helpful when complex decision making, regarding the sustainability of water resources in the region, arises.
Additionally, it was identified that, regardless of the framework used, one of the main sectors quantifying the water footprint, was the agrifood sector (78% of the analyzed studies). This is relevant considering that approximately 70% of the water extracted in the world is for agricultural use [59] , showing the awareness that exists regarding the importance of evaluating the impact associated with the use of water in the agricultural sector in Latin America. The importance of the agrifood sector has been previously noted. For example, Aviazidou et al. found, as a result of a critical literature synthesis with global scope, that most of the studies published in a peer-review journal were focused on water related impacts of the agrifood sector (61%) [14] . Lovarelli et al. [13] conducted a review analysis of water footprint studies of agricultural products. The focus on agriculture was due to this sector being a major water consumer worldwide. The authors found that studies often quantify blue water without information about irrigation efficiency, which could imply an underestimation of the impact [13] . In this regard, Garcia-Morillo et al. proposed a methodology for linking blue water footprint assessment with irrigation indicators, considering the efficiency in water use regarding crop requirements, including agronomic practices such as soil preparation, plantation, salt removal from soil and reduction of frost effects [60] . These last two studies were done after carrying out the state of art research of the present study, but their conclusions are relevant to the recommendations from the stakeholder group to work towards strengthening the current work in the agricultural sector, through the development of coherent data and impact assessment methods.
Data Collection Recommendations for Water Footprint Studies in Latin America
The data collection experience of the different stakeholders was shared during the working sessions. Both data availability and quality were discussed and analyzed. Table 3 lists the main obstacles that were identified for the topic of obtaining data for water footprint studies in Latin America, as well as the recommended solution. It is possible to obtain useful information through government institutions on issues such as water availability, volume of authorized water for consumption, sanitation coverage, among others.
The information that is required is not known
There are not enough water footprint studies in Latin America to form a complete life cycle database applicable to the region.
It is recommended to make adaptations to the databases and document these adaptations in a transparent manner in the reports.
The measurement and monitoring mechanisms are insufficient
Frequently, there are no flow meters in the companies and existing ones do not always have a calibration certificate.
Promote the installation of measuring equipment and certify the correct calibration of the equipment from authorized instances at the national level in each country.
Confidentiality of information
Frequently, companies protect their information, which hinders the disclosure of inventories.
A possible solution is the signing of confidentiality agreements at the beginning of the studies, in order to allow the use of the impact result per functional unit, to avoid revealing data.
According to the group, these problems are related to a general lack of awareness in the region about the importance of water resources, so it is recommended to make an effort to disseminate the importance of corporate water management in Latin America [18].
Impact Assessment-Recommendations for the Evaluation of the Water Footprint in Latin America
Considerations on the Selection of Impact Categories
According to ISO 14046:2014, impact categories to be quantified in a water footprint should be chosen according to the goal and scope of the study. However, the stakeholder group concluded that there may be general recommendations by type of product. For example, in the case of a water footprint study of an agricultural product, it is recommended to include the impact category of eutrophication. In countries with an energy mix, including a high portion of hydroelectric power, it is important to analyze an indicator that determines the potential impacts linked to the construction of the infrastructure i.e., the dams. It is also recommended to review the existence of Product Category Rules (PCR) for Environmental Product Declarations (EPD), since these provide a reference with respect to the impact categories to be evaluated for each type of product [18] .
Impacts related to water are associated with numerous environmental mechanisms and therefore numerous category indicators and water footprint impact assessment methods can be used. A category indicator is the quantifiable representation of an impact category. Regarding the category indicators, the stakeholder group concluded that the choice of these indicators, also depends on the intended audience, for example, if the study has a scientific nature, it is recommended to choose the category midpoints to conserve the objectivity and scientific robustness of the impact categories assessed.
The use of category endpoints, is recommended for screening studies, to evaluate the categories that have greater relevance for each particular product [18] . Category midpoints are considered links in the cause-effect environmental mechanism of an impact category; common examples are climate change, eutrophication or ecotoxicity. Endpoint indicators (damages to ecosystem quality, human health and resources) reflect the relative importance of emissions or extractions at the end of the cause-effect chain, e.g., changes in biodiversity [61] .
Impact Assessment Methods for Water Footprint Studies in Latin America
The stakeholder group responded to a survey that allowed the identification of the most used impact categories for the development of water footprint studies in Latin America-These impact categories are: Freshwater scarcity, freshwater ecotoxicity, freshwater availability and freshwater eutrophication (Figure 2) . During the face-to-face working session, the four most commonly used midpoint impact categories were evaluated through the AHP analysis to be able to recommend suitable impact assessment methods for studies carried out in Latin America. The group discussed many characteristics that should be considered when selecting a method that is adequate to the conditions of the region, and then agreed that the characteristics of recognition, robustness and adaptability, were the most important ones. The impact assessment methods were evaluated against the characteristics with the expert judgement of the group. As a result, the general recommendation shown in Table 4 was obtained regarding the impact categories that should be included in water footprint studies for Latin America for a regional coherence. 
Impact Category Recommended Impact Method
Freshwater scarcity AWARE (51%) 1 (Boulay et al. 2018 ) [16] Freshwater availability Water availability footprint (59%) (Boulay et al. 2011 ) [62] Freshwater ecotoxicity USEtox (75%) (Rosenbaum et al. 2008) [10] Freshwater eutrophication ReCiPeMidpoints (55%) (Goedkoop et al. 2008) [63] 
Regionalization Efforts of Impact Assessment Methods in Latin America
There have been efforts to regionalize impact assessment methods for evaluating potential environmental impacts related to water use in Latin America. Table 5 shows the studies carried out and the description of the adaptations. In Chile, the value of the WSI factor for the northern mining area was regionalized, obtaining values similar to those reported globally.
Marzullo (2014) [30] Freshwater ecotoxicity New methodological approach (at the midpoint level), uses the impact assessment method suggested by the Brazilian Agency for the control of pollution, preservation and restoration of water quality (CETESB).
B. Civit (unpublished study) Freshwater scarcity (WSI)/ Pfister et al. (2009) [64]
The WSI factors for Argentina were adapted, validating with the province of Mendoza, finding the same results as with the initial factors.
Puerto and Gmünder (2014) [65] Freshwater scarcity (AWARE)/ Boulay et al. (2018) [16] The AWARE characterization factor was adapted at the sub-basin level using annual data available in the 2014 National Water Study of the Institute of Hydrology, Meteorology and Environmental Studies (IDEAM).
de Almeida Castro (2018) [66] Freshwater The use of national data at State Hydrographic Unit (SHU) provided results with significant differences regarding results from original characterization models.
The stakeholder group showed interest to create a broader research program to develop impact assessment methods specific for the Latin American region, however this initiative needs structural backup that is difficult to achieve through the dynamic of the recently established community of practice (webinars and face-to-face meetings). However, there are options to foster the development of these initiatives through regional events, such as the Latin American Congress on Life Cycle Assessment (CILCA), which has been recognized by the group, as an event for emphasis and dialogue about regional development and consensus of impact assessment methods.
Recommendations for the Communication of the Water Footprint in Latin America
Regarding the communication of results of water footprint studies in Latin America, the working group concluded that the type of communication depends on the intended audience, as shown in Table 6 . The group identified that organizations may choose to document the results of a water footprint study in a "communication report", which is presented in three different levels according to its depth-an executive report, a general water footprint communication report (not too technical) and a ISO 14046:2014 compliant report (detailed). The "communication report" can also be embedded in organizations' annual performance report and/or their sustainability report. Another way of communication is through ecolabeling (environmental labels and declarations), which allow to share the results of a water footprint study with the market, through the presentation of verifiable and accurate information, under a certification scheme.
Regarding the "communication report", the working group recommended standardizing the structure of the detailed report according to ISO 14046:2014 for water footprint studies developed in Latin America, to facilitate the communication and identification of relevant aspects of each study, such as system boundaries, data quality requirements, results and study interpretation, among others [18] .
With respect to ecolabeling, some countries in the region have been working towards the implementation of an environmental ecolabel, which includes water related impacts; whilst others have focused specifically on the verification (Costa Rica) or the accreditation (México) of the water footprint. The growing number of EPDs developed in the region certified through Latin American Hub of the International EPD System will also help promote the communication of water footprints, since water scarcity and eutrophication are part of the default environmental impact categories that need to be quantified and reported in an EPD.
It was identified that if an ecolabeling scheme is selected, an independent third-party critical review and verification process is needed to ensure credibility and recognition when communicating with civil society, consumers and non-governmental organizations. In this case, it is advised that a complete report according to ISO 14046:2014 is available to complement the label.
The third-party verification of water footprint studies is a key to provide market position, and it has been identified by the members of the group as one of the main added values. A broad recommendation in this regard was that the verification should include the critical review process, requested by ISO 14046:2014 when it is intended to communicate to third parties [18].
Final Remarks and Prospects
It is important to highlight that the recommendations provided in the Regional Guidelines foster the consideration of the advancements in research and knowledge evolution, mainly with regards to the category indicators and impact assessment methods.
It is also important to consider that the following recommendations and consensus for water footprint practice in Latin America: Does not overlook the needed scientific rigor in this type of studies and promotes transparency; the studies in Latin American should report uncertainty, avoid the promotion of immature methods and the obstruction of scientific progress [11] .
Consequently, during 2018 the activity of the community of practice focused on capacity building and consolidating the group of active and interested professionals in the field. Afterwards, the process aimed at strengthening the links between other relevant stakeholders in the region (academy, private sector, consultancy groups), increasing the number of studies, training companies for the development of internal water footprint studies and discussing solutions to limitations or opportunities identified in the Regional Guidelines.
Conclusions
The aim of this study was to generate recommendations to achieve consistency in the quantification, verification and communication of the water footprint in Latin America. A stakeholder group was formed for this purpose, and their active work over six months, was the basis to develop the Regional Guidelines for water footprint assessment in Latin America.
Water footprint assessment of products with life cycle perspective in Latin America is a relatively recent practice, from 2011. However, in recent years there is a growing effort in the region to consolidate the water footprint as a strategic water management tool, and an important number of studies have been carried out; 40 studies were identified in this research. A large number of these studies (31 studies) focused on agricultural products or the agrifood sector; therefore, one important recommendation derived from this study is to strengthen the current work in this sector, through the development of coherent data and impact assessment methods.
Regarding the collection of relevant and good quality data for water footprint studies, the study shows that the main problems found in the region are, unavailability of local or representative data, insufficiency of measurement and monitoring mechanisms, and the issues of the access to information, many times due to confidentiality. Considering these obstacles, the dissemination of the relevance and benefits of the ISO 14046:2014 standard, as well as of that of corporate water management, was found to be a key activity to ease the collection of the data needed in the studies.
One main area of concern in this work was to provide recommendations regarding the quantification of the potential environmental impacts. Therefore, a main outcome of this research was the recommendation of the impact assessment methods to use for the freshwater scarcity, availability, ecotoxicity and eutrophication impact categories. Also, another relevant point was to consider the type of product being assessed when selecting to include or exclude impact categories; and to pay attention to the needs of the intended audience, for example category midpoints were recommended to audiences where there is a need to conserve the objectivity and scientific robustness of the impact categories assessed.
Further research must be done to continue with the development of impact assessment methods, as well as for the development of studies in Latin America to build a regionalized life cycle database for water footprint assessment. This effort is key in the agricultural sector, which poses significant risk against the sustainable use of the resource in the region.
On the other hand, it was found that the recommended mechanism for the communication of results varies depending on the intended audience, for example civil society and NGOs need more sustained and convincing information that needs the rigorousness of an environmental labeling scheme. Business to business communication, such as that of the internal members of organizations, can be fulfilled with a communication report. In the case of sustainable public purchasing, a label is needed. It was found that in the case of communication to expert practitioners, verification bodies and some government initiatives, the detailed ISO 14046 report needs to be provided.
Based on the findings of this research, the Latin American region is clearly leading the way in the development and implementation of water footprint verification and accreditation schemes. Based on these experiences it has been found that independent third-party verification and critical review of water footprint studies are essential to ensure credibility and recognition when communicating results.
As an outcome of the work described in this paper, a community of practice was created from a stakeholder group, which participated in the development of the recommendations for the Regional Guidelines. The stakeholder group had representatives from different sectors from 14 countries of the region. The members of the community of practice have been working on the development of studies with the aim of regionalization of evaluation methods to reduce uncertainty linked to category indicators. In this regard, this research identified five studies on regionalization for water scarcity and one for freshwater ecotoxicity methods. In fact, the group understands the importance to develop impact assessment methods specific for the Latin American region, which is a topic to be considered in the future activities of the community of practice.
This water footprint community of practice is growing with the objective of promoting the application of the water footprint methodology according to ISO 14046:2014, and of promoting consensus among several stakeholders. It was envisaged that the strengthening of a community of practice requires consolidation through capacity building, that takes advantage of different participants know how and links.
